To verify whether office-hour measurements in patients in different body positions can estimate the characteristics of 24-hour intraocular pressure (IOP). METHODS. The 24-hour IOP curves of 29 healthy subjects (10 young adults, 19 elderly) and 30 patients with untreated glaucoma were analyzed. Measurements were taken at 9 AM; 12, 3, 6, and 9 PM; and 12, 3, and 6 AM, both in the supine and sitting (Goldmann tonometer) positions. Peak, mean, and fluctuation of 24-hour IOP curves were compared with office-hour measurements obtained in subjects in the sitting position alone and with combined pressures obtained in the sitting and supine positions (four measurements in each body position from 9 AM to 6 PM). The percentage of subjects with estimates of all IOP parameters within a cutoff of Ϯ1 (peak and mean) and Ϯ2 mm Hg (fluctuation) was calculated. RESULTS. Office-hour sitting measurements correctly identified peak, mean, and IOP fluctuation in 10% of the young adults, 32% of the elderly control subjects, and 20% of the patients with glaucoma, whereas the combination of supine and sitting measurements correctly identified them in 30%, 85%, and 46% of cases, respectively. It is noteworthy that office-hour measurements did not characterize any 24-hour parameter in 20% of patients with glaucoma. CONCLUSIONS. Compared with sitting measurements alone, the collection of supine and sitting office-hour measurements may enhance the correct identification of 24-hour IOP characteristics in both control subjects and untreated patients with glaucoma, thus reducing the need for obtaining 24-hour curves to a minority of patients. Twenty-four hour phasing is the most precise procedure for measuring the characteristics (mean, peak, fluctuation) of an IOP curve. Although in most clinical settings the management of patients with glaucoma relies only on single IOP measurements or, less often, on office-hour curves, the clinical relevance of 24-hour IOP data has been acknowledged, 10 -13 as the nocturnal period may be crucial in glaucoma because of several factors (increase in IOP due to elevation of episcleral venous pressure, redistribution of body fluids occurring in the recumbent position, 14 and decrease in blood pressure 15, 16 ) and because of the different efficacy of IOP-lowering treatments 16, 17 due to changes in receptor activity. Yet, 24-hour curves are impractical and expensive, and in general they can be performed only in small groups of subjects in a very limited number of institutions worldwide.
I ntraocular pressure (IOP) is the main risk factor for the development and the progression of glaucoma, [1] [2] [3] [4] whereas the role of IOP fluctuation as an independent risk factor has been the object of a very limited number of studies 1, [5] [6] [7] [8] whose results are controversial.
Apart from the differences in the study designs and populations, the methods to analyze the IOP dataset may have influenced the results, 9 as few studies 1, 7, 8 calculated the longterm IOP fluctuation from a series of single IOP measurements during consecutive visits, and others 5, 6 calculated the shortterm IOP fluctuation from diurnal curves. None of the studies conducted to demonstrate the influence of IOP fluctuation on the progression of glaucoma was based on measurements taken during a 24-hour period (nyctohemeral IOP phasing).
Twenty-four hour phasing is the most precise procedure for measuring the characteristics (mean, peak, fluctuation) of an IOP curve. Although in most clinical settings the management of patients with glaucoma relies only on single IOP measurements or, less often, on office-hour curves, the clinical relevance of 24-hour IOP data has been acknowledged, 10 -13 as the nocturnal period may be crucial in glaucoma because of several factors (increase in IOP due to elevation of episcleral venous pressure, redistribution of body fluids occurring in the recumbent position, 14 and decrease in blood pressure 15, 16 ) and because of the different efficacy of IOP-lowering treatments 16, 17 due to changes in receptor activity. Yet, 24-hour curves are impractical and expensive, and in general they can be performed only in small groups of subjects in a very limited number of institutions worldwide.
The more practical option of using office-hour data to predict the behavior of 24-hour IOP (thus limiting the practical interest of nyctohemeral evaluations) has been explored in few studies 12,18 -20 that showed that mean office-and 24-hour IOPs are similar (in both treated and untreated patients with glaucoma), but office-hour data significantly underestimate IOP fluctuation. It is likely that this inability to correctly assess IOP fluctuation mostly derives from the underestimation of the 24-hour peak, which would occur outside office hours in up to two thirds of cases. 10 These findings, based on sitting-position measurements alone, have been challenged by results in a recent study 21 that suggest that peak IOP (and indirectly, IOP fluctuation) could be calculated by office-hour IOP readings taken in the supine position.
The purpose of our study was to verify whether IOP measurements taken in different body positions during office hours can be used to extrapolate the characteristics of 24-hour IOP curves of healthy subjects and patients with glaucoma.
METHODS
This study was a retrospective analysis of the 24-hour IOP curves in normal subjects and subjects with glaucoma participating in previous studies by our group. 17, 22, 23 It was conducted at the Eye Clinic of San Paolo Hospital, University of Milan, Italy, after approval by the local Ethics Committee and according to the tenets of the Declaration of Helsinki and national laws for the protection of personal data. Informed consent was obtained from all the participants in the study.
Study Population
We analyzed data from 30 patients with glaucoma (age: 71 Ϯ 7 years, F/M ϭ 18/12) and 29 control subjects. The control group included both young adult (age, Ͻ30 years) and elderly (Ͼ65 years) subjects, and these populations were analyzed separately because they previously showed differences in 24-hour IOP and blood pressure curves 17 ; 10 young adult (age: 25 Ϯ 4 years, F/M ϭ 6/4), and 19 elderly subjects (age: 69 Ϯ 4 years, F/M ϭ 10/9) were therefore considered.
To be included in the study, patients had to have glaucomatous visual fields (abnormal mean defect and corrected pattern standard deviation on at least two consecutive, reliable Humphrey 30-2 fullthreshold tests), optic nerve head (ONH) changes (presence of concentric enlargement of the optic cup, localized notching, or both, as evaluated by means of color stereophotographs), 24 and/or retinal nerve fiber layer (RNFL) defects (presence of focal or diffuse neuroretinal rim thinning, as evaluated by means of a scanning laser ophthalmoscope 25 ). Patients with ocular hypertension were excluded. Normal subjects had age Ͼ18 years, IOP Ͻ 21 mm Hg (as measured on two consecutive occasions separated by an interval of at least 2 hours but not more than 12 weeks), normal perimetry results, and normal ONH and RNFL (diagnosed as just described).
Exclusion criteria included baseline untreated IOP Ͼ 30 mm Hg, angle-closure glaucoma, secondary glaucomas, corneal abnormalities preventing reliable IOP measurement, previous filtration surgery, having one eye, pregnancy, significant disturbances of wake-sleep rhythms, and/or the regular use of hypnotic drugs reported by the patients. Eligibility was verified by means of a complete ophthalmic assessment.
Twenty-Four-Hour IOP Evaluation
All subjects underwent generation of a single 24-hour IOP curve by measurements in both the supine and sitting positions. The patients with POAG who were in medical treatment at the moment of enrollment underwent a washout period of at least 4 weeks.
The method of recording 24-hour IOP curves has been described in detail. 17 A summary of the procedures follows. The patients were hospitalized in the morning (at 7 AM) and stayed for the following 24 hours. The awake period lasted from approximately 6:30 AM to 11:00 PM. Intraocular pressure was measured at 3, 6, and 9 AM; 12, 3, 6, and 9 PM; and 12 AM. For the daytime measurements (9 AM-9 PM), patients were asked to go to bed and relax for approximately 15 minutes, after which supine IOP was measured in both eyes. After approximately 10 minutes, a second IOP value was measured at the slit lamp. During the night, the patients were awakened approximately 10 minutes before measurement to prevent a sudden increase in IOP. The IOP measurements were made with a handheld electronic tonometer (TonoPen XL; Bio-Rad, Glendale, CA) with the patient supine and a Goldmann applanation tonometer with the patient sitting at the slit lamp. Every measurement by TonoPen XL consisted of a variable number of readings until the coefficient of variation was less than 5%. All measurements were taken at each time point by two well-trained glaucoma specialists who had obtained good accordance between their measurements ( ϭ 0.82 with both tonometers). If the measurements differed by Ͼ2 mm Hg, a third measurement was taken; the mean of two or the median of three recordings was used for the analysis. If both eyes were eligible, only one eye (chosen at random) was used in the analysis.
Statistical Analysis
All statistical analyses were calculated with commercial software (SPSS, (ver. 15.0; SPSS Inc., Chicago, IL).
For the purposes of the study, we considered the 24-hour curves obtained in habitual body position-that is sitting readings during waking time (from 9 AM to 9 PM) and supine readings during night time (from 12 to 6 AM). These curves were compared to the readings of the same 24-hour curves obtained during office hours (from 9 AM to 6 PM) in both supine and sitting positions.
The objectives of the study were as follows. We first analyzed the ability of different criteria to predict peak IOP from office-hour readings. Thereafter, we tested the ability of office-hour measurements (in sitting position or in supine position only, or combining sitting and supine positions), to estimate mean 24-hour IOP and its fluctuation; the advantage of adding the peak estimate to the above data was also evaluated. Finally, we addressed the clinical impact of using the best criterion instead of sitting measurements alone by calculating, for each study group, the percentage of patients whose IOP curve was correctly characterized (i.e., mean, peak and fluctuation falling within cutoff values of Ϯ1, Ϯ1, and Ϯ2 mm Hg respectively from the 24-hour data).
Peak IOP
Five parameters were tested in their ability of extrapolating peak IOP from office-hour readings:
1. The highest value obtained from the office-hour curve in the sitting position. 2. The formula proposed by Mosaed et al. 21 based on office-hour supine IOP (peak IOP ϭ 5.98 ϩ 0.771 ϫ average office-hour supine IOP). 3. The formula proposed by Mosaed et al. 21 based on office-hour sitting IOP (peak IOP ϭ 12.04 ϩ 0.616 ϫ average office-hour sitting IOP). 4. The mean of values obtained with the previous two formulas. 5 . The highest value obtained from the office-hour curve in both supine and sitting positions.
The following parameters were then calculated: mean and range of the difference between estimate and 24-hour peak IOP (expressed as absolute values, i.e., both an underestimation of Ϫ4 mm Hg and an overestimation of ϩ4 mm Hg counting as 4 mm Hg), the percentage of patients with IOP falling within Ϯ1 mm Hg from the 24-hour peak, and the R 2 between the estimate and the 24-hour value. The differences obtained for each parameter were tested versus office-hour readings (t-test for paired data), to detect the best criterion, which was set in the presence of (1) the minor absolute difference or (in case of identical results), (2) the highest percentage of patients with IOP within Ϯ1 mm Hg from the peak, or (3) the highest R 2 .
Mean IOP and IOP Fluctuations
The 24-hour mean IOP and IOP fluctuations in habitual body position were compared to those calculated from:
1. Office-hour readings only in the sitting position (four measurements). 2. Office-hour readings only in the supine position (four measurements). 3. Office-hour sitting readings (four measurements) ϩ the peak IOP, as estimated with the better of the previous formulas. 4. A combination of sitting and supine office-hour readings (four ϩ four measurements). 5. A combination of sitting and supine office-hour readings (four ϩ four measurements) ϩ the estimated peak IOP.
IOP fluctuation was expressed both as range and standard deviation. We calculated the mean and range of the difference between the estimated and 24-hour values (expressed as absolute values), the percentages of patients having IOP falling within Ϯ1 (mean IOP) and Ϯ2 (IOP fluctuation) mm Hg from 24-hour readings, and R 2 . The best criterion was defined as just described.
RESULTS
Twenty-four-hour IOP curves in habitual body position are given in Figure 1 (mean values of normal subjects and patients with glaucoma), and mean data for mean IOP, peak, and fluctuation are shown in Table 1 . Mean IOP was higher in the patients with glaucoma in comparison to the healthy subjects (P Ͻ 0.001, t-test for unpaired data) and in the healthy elderly subjects in comparison to the young control subjects (P ϭ 0.01). IOP peaked outside office hours in 91% of the young control subjects, 62% of the elderly control subjects, and 42% of the patients with POAG. When expressed as the range of IOP measurements, IOP fluctuation was higher in the patients with glaucoma (9.3 Ϯ 3.2 mm Hg) than in the young, healthy subjects (7.3 Ϯ 3.2 mm Hg, P ϭ 0.02, t-test for paired data) and the elderly subjects (7.5 Ϯ 2.3 mm Hg, P ϭ 0.05). No statistically significant differences were found when fluctuation was expressed as the standard deviation of IOP measurements. Table 2 summarizes the estimates of peak IOP. The mean of the two formulas by Mosaed et al. 21 for supine and sitting measurements achieved the best results in the young healthy subjects (mean deviation of 1.9 compared with 3.9 for sitting measurements, P Ͼ 0.05, with a correct peak quantification in 50% of cases). The best estimate in the elderly control subjects was the highest reading between the supine and sitting measurements, but it provided a small improvement over the results obtained by sitting readings alone (mean deviation, 1.4 vs. 1.5, P Ͼ 0.05; correct quantification of the peaks in 58% vs. 53% of cases). In the patients with glaucoma, the highest office-hour reading in the sitting position was the best estimate; it correctly quantified 70% of peaks, with a mean difference of 1.3 mm Hg compared with the 24-hour dataset (P Յ 0.05 compared with the formulas by Mosaed et al. 21 ). The data on the prediction of mean 24-hour IOP and IOP fluctuation are given in Tables 3 and 4 , respectively.
In young control subjects, the best prediction of these two parameters was obtained by combining the office-hour sitting dataset to the peak estimate. The estimate of mean IOP differed by 0.6 mm Hg from the 24-hour value (R 2 ϭ 0.79), and significantly improved (by 1.0 mm Hg) the estimate obtained by sitting readings alone (P ϭ 0.001). Also, 80% of subjects had mean IOP correctly estimated, compared with only 20% for office-hour sitting readings. Using this criterion, we also obtained a good estimate of IOP fluctuation (deviation of 1.9 mm Hg; R 2 ϭ 0.36), with a relevant, though not statistically significant, improvement of 2.2 mm Hg compared with the officehour sitting dataset; 60% of subjects had an estimate that fell within Ϯ2 mm Hg from the 24-hour value.
The combination of supine and sitting office-hour IOP measurements provided the best estimates of mean IOP and its fluctuation in both the elderly control subjects and the patients with glaucoma, whereas no significant advantage derived from the calculation of the peak estimation.
In the elderly control subjects, the best criterion improved mean IOP and IOP fluctuation by 0.5 (P Ͼ 0.05) and 1.3 (P ϭ 0.03) mm Hg compared with office-hour sitting measurements. The deviation from mean 24-hour IOP was 0.7 mm Hg, with good correlation (R 2 ϭ 0.89); 79% of cases were within Ϯ1 mm Hg from 24-hour mean IOP. The deviation from 24-hour IOP fluctuation was 1.6 mm Hg and, again, 79% of cases fell within Ϯ2 mm Hg from the actual value. The correlation between office-and 24-hour measurements was only moderate (R 2 ϭ 0.43).
In the glaucoma group, when compared to sitting measurements alone, supine and sitting office-hour readings provided a negligible advantage of 0.1 mm Hg in the mean 24-hour IOP estimate, which corresponded to a 10% improvement (from 40% to 50%) in the proportion of patients within Ϯ1 mm Hg from the 24-hour value; an excellent R 2 was found with both parameters (0.92). On the contrary, a considerable improvement of 1.4 mm Hg in the fluctuation estimate was found, and this corresponded to a 20%-improvement (from 30% to 50%) in the proportion of patients having IOP fluctuation correctly estimated. Of note, the correlation between 24-hour IOP fluctuation and all office-hour estimates was very weak (R 2 ϭ 0.03-0.15), due to the very large discrepancy between predicted and actual fluctuation between individuals (ranges between Ϫ8 and ϩ 11 mm Hg were found for the best-fitting criterion).
The clinical advantage of measuring supine IOP during office hours is shown in Table 5 . While sitting office-hour measurements correctly identified the characteristics of the 24-hour curves (mean, peak, fluctuation) in only 10% of the young control subjects, 32% of the elderly control subjects, and 20% of the patients with POAG, these percentages, respectively, increased to 30%, 85%, and 46% when supine measure- Subjects with the same peak IOP value during and outside office hours were counted twice. * Healthy young subjects versus elderly control subjects, P ϭ 0.01 † Glaucoma versus young control subjects, P Ͻ 0.001; glaucoma versus elderly control subjects, P Ͻ 0.001. ‡ Glaucoma versus young control subjects, P ϭ 0.05; glaucoma versus elderly control subjects, P ϭ 0.02.
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Office-and 24-Hour IOP Assessment 2211 ments were also considered. Yet, using all possible criteria, it was still impossible to predict any of the characteristics of the 24-hour curves in 40%, 5%, and 20% of cases, respectively.
DISCUSSION
Our study results suggest that supine measurements during office hours can improve the estimate of the characteristics of the 24-hour IOP curve in patients with glaucoma and in control subjects.
The inadequacy of office-hour sitting readings in patients with severe or progressing glaucoma has been shown by Barkana et al. 10 : nearly 70% of peak IOP were lost and fluctuations were underestimated by a mean of 3 mm Hg. Similar results were obtained in other studies showing IOP peaking outside office hours in 52% to 66% of cases. 12, 13, 20 Our dataset for patients with glaucoma confirms these findings, even if peak IOP was correctly identified in 70% of cases, as sitting readings provided inadequate measures of mean IOP and IOP fluctuation in 60% and 70% of cases, respectively (with mean underestimations of 1.5 and 4.4 mm Hg). Overall, using office-hour sitting measurements, only 20% of patients with glaucoma received a correct identification of all their curve parameters (peak, mean, and fluctuation).
Mosaed et al. 21 suggested that IOP assessment could be improved by using a formula to predict the peak IOP (and, indirectly, IOP fluctuations) from office-hour readings in a group of untreated patients with glaucoma. Our data confirm that such an estimate can be calculated on the basis of officehour measurements, although this procedure induced significant advantages only in the group of young adult control subjects. On the contrary, the relatively simpler addition of officehour supine IOP readings to sitting measurements proved to be a good strategy for determining the 24-hour IOP characteristics (mean, peak, fluctuation) in the patients with glaucoma and in the elderly healthy population.
In the patients with glaucoma, these estimates allowed a correct identification of mean IOP and IOP fluctuation in 50% of cases; the improvement in determining IOP fluctuation was statistically significant compared with sitting measurements alone. This strategy was also more precise in the elderly control subjects: mean IOP and IOP fluctuation were correctly detected in 79% of cases and, again, the improvement for IOP fluctuation was statistically significant compared with the sitting measurements alone. Overall, by means of this strategy, it was possible to correctly characterize the peak, mean, and fluctuation of the 24-hour curves of 46% of the patients with glaucoma and 85% of the elderly control subjects compared with 20% and 32%, respectively, when the sitting measurements alone were used (Table 5) .
Our analyses also highlight that it was impossible to predict any of the characteristics of the 24-hour curve by means of office-hour measurements in 20% of the glaucoma cases and that in 23% of the cases the addition of supine office-hour reading was only partially useful. In these cases, a 24-hour IOP evaluation would still be necessary. In any event, caution should be used when extending the use of our results to the general population: in our dataset, a poor correlation between 24-hour and office-hour measurements for IOP fluctuations was found (R 2 ranging from 0 to 0.43), as some patients obtained large deviations from the actual 24-hour fluctuation (ranging from Ϫ8 to ϩ11 mm Hg).
As a general rule, the results of the studies on 24-hour IOP should be considered with caution because of several intrinsic potential biases that could limit their generalization-in particular hospitalization, disturbed sleep, and exposure to light during the measurements made at night. 26, 27 Peak IOP, when occurring during the night, may not reflect the physiological 24-hour rhythm because of a well-described increase in IOP because of sudden waking 26 ; we therefore tried to protect our results from this effect by measuring IOP 10 minutes after awakening. Moreover, the results in 24-hour studies from different groups are hardly comparable because of differences in the populations and in the methods used for data collection (settings, time points, and tonometers). In fact, 24-hour IOP fluctuation of our study (7.3-7.5 mm Hg in normal subjects, 9.3 mm Hg in patients with glaucoma) are higher than in other 24-hour studies. (Liu et al. 26 found a fluctuation of ϳ 5-5.5 mm Hg in young and elderly control subjects and of approximately 6 mm Hg in patients with early, untreated glaucoma. 28 ) In the present study, two different tonometers were used: the Goldmann tonometer, which is the clinical gold standard, but which is limited to use in the sitting position alone, and the handheld tonometer (TonoPen XL; Bio-Rad) for measurements in the supine position. Calculation of the habitual body position IOP curve therefore inherited a component related to the different accuracy and variability of the two tonometers (although TonoPen XL previously showed a good agreement with the Goldmann tonometer in eyes with normal corneas). 29 -31 This fact may represent a major limitation of our analysis, as it may have affected the absolute values of mean IOP and IOP fluctuation. On the other hand, the use of a single tonometer to collect IOP in all body positions (i.e., pneumatonometer, TonoPen XL, Perkins tonometer) would have implied the nonuse of the Goldmann tonometer and, hence, it would have strongly restricted the applicability of the message of our study to experimental settings, whereas its purpose was actually to suggest a strategy to extrapolate, in any clinical setting, data that are usually available only to a small number of centers worldwide. Moreover, we tested the agreement of measurements taken by the study operators with the two tonometers before the study, and it was good ( ϭ 0.82, using 2 mm Hg as a cutoff value, which is the interobserver variability generally accepted for Goldmann tonometry 32 ). Finally, the small number of young healthy subjects may have affected the significance of the statistical analyses. IOP fluctuation was expressed as the range and not as the standard deviation, as in previous studies. 9 Although standard deviation represents a strong dispersion measure that is minimally affected by outliers, ranges were preferred in this study, as they are independent of the number of repetitions, which varied in the 24-hour curve (eight measurements) with respect to office hours (from four to nine measurements).
In conclusion, our analysis of office-hour IOP measurements highlights that sitting measurements alone provide inadequate information on peak, mean, and IOP fluctuation in a large number of subjects, whereas the combination of supine and sitting measurements gives a reasonable estimate of these parameters. We therefore recommend that supine and sitting IOP data be collected during office hours, at least in patients with abnormal tonometric functional behavior (i.e., unexplained progression) to reduce their need for 24-hour monitoring.
